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© Local oscillator feedthru cancellation circuit 

© A method and an apparatus are disclosed for 
cancelling local oscillator (LO) feed thru in an inter- 
mediate frequency (IF) transmission circuit (31). The 
apparatus includes first and second mixers (15, 17) 
for receiving local oscillator (LO) and intermediate 
frequency (IF) signals. The mixers (15, 17) are op- 
erable to upconvert the intermediate frequency (IF) 
signal while passing an attenuated and phase shifted 
portion of the local oscillator (LO) signal. Bias regula- 
tion circuitry (21, 23) is provided for regulating the 
attentuation and phase shift of the local oscillator 
(LO) signal portion passed by at least one of the 
mixers (15, 17) such that the local oscillator (LO) 
signal portions are combinable to cancel each other. 
A coupler circuit (19) is provided for combining the 
mixer outputs such that the local oscillator (LO) 
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signal portions are substantially cancelled and an 
^» upconverted intermediate frequency (IF) signal re- 
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mains. The bias regulation circuitry (21, 23) may be 



self-correcting to optimize cancellation of the local 

F> oscillator (LO) signal portions (Fig. 2). 
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LOCAL OSCILLATOR FEEDTHRU CANCELLATION CIRCUIT 



Background of the Invention 

The present invention relates to a circuit for 
eliminating interference with an IF information sig- 5 
nal. More particularly, the invention relates to a 
circuit for canceling the feed thru of a local oscilla- 
tion (LO) signal to an IF signal path. 

In conventional IF transmission circuits the IF 
signal is upconverted by mixing with an LO signal w 
to form the signal to be transmitted. The signal to 
be transmitted is preferably characterized by two 
lobes, or sidebands, centered about the LO fre- 
quency. Ideally, the LO signal does not feed thru 
the mixer and does not appear in the output signal. is 
However, it is common for the LO signal to not only 
feed through to the mixer output (as a third lobe 
intermediate to the sidebands), but to be the larg- 
est amplitude component of the transmitted signal. 
For certain applications it is desirable to limit the 20 
transmitted signal to the information component 
excluding extraneous components. One advantage 
of such a limitation is to reduce the susceptibility of 
transmitted signals to interception and destructive 
interference. Where the LO feed thru signal am- 25 
plitude exceeds the amplitude of the side lobes, 
interception of the transmit signal may be accom- 
plished by identifying the LO feed thru components 
and concentrating on the frequency range about 
the LO feed thru signal. Consequently, the pres- 30 
ence of the LO feed thru signal, as a component of 
the transmitted signal, renders a transmitted signal 
significantly more susceptible to identification and 
interference. The present invention is directed to a 
method and circuitry for reducing the ability of a 35 
receiver to identify and interfere with a transmitted 
signal by removing the appearance of the LO sig- 
nal component from the transmitted signal. 

There are a number of contemporary circuits 
that operate to actively remove the LO signal com- 40 
ponent from the output signal. One such circuit is 
disclosed in an article titled Circuit for Cancelling 
Local Oscillator Leakage Through Mixers , by Ron 
Minahk, Microwave Journal, p. 182-186. July 1985. 
That article discloses a circuit wherein a portion of 45 
the LO signal is tapped, phase shifted and attenu- 
ated by manual adjustments so as to be of equal 
amplitude and opposite phase in relation to the fed 
thru LO signal. The phase shifted and attenuated 
LO signal is then combined with the output signal so 
so as to cancel the fed thru LO signal component 
from the output signal. 

Another contemporary circuit designed to per- 
form a related function is set fortti in the Anaren 
Microwave Components Catalog, 17A, p. 158 



(1985). The circuit disclosed therein operates to 
prevent jamming of a nearby receiver by cancelling 
the undesired component of the transmitted signal. 
The circuit achieves cancellation by tapping a por- 
tion of the transmitter signal, comparing it to the 
received signal, and actively cancelling the trans- 
mitter signal by adjusting the amplitude and phase. 

Though these and other contemporary systems 
provide means for canceling an undesired LO sig- 
nal component from a composite signal, the meth- 
od and circuitry for performing that function have 
limitations and cost penalties which make their use 
impractical for many applications. Manually ad- 
justed compensation circuits, such as that dis- 
closed in the article titled Circuit for Cancelling 
Local Oscillator Leakage Through Mixers fail to 
provide automatic closed loop control to consis- 
tently perform compensation without constant man- 
ual adjustment Changes in temperature and other 
conditions effect LO feed thru such that the output 
signal must be continuously monitored and the 
correct compensation signal must be continuously 
updated. Other circuits, such as that disclosed in 
the Anaren Microwave Components Catalog , re- 
quire utilization of expensive circuit components 
which render such compensation circuits unsuitable 
for many applications. 

In view of these and other deficiencies in con- 
temporay compensation circuits, the present inven- 
tion is intended to provide an alternate, cost effec- 
tive circuit and method for canceling LO feed thru. 
The present invention provides a highly effective 
circuit wherein LO signal feed thru be reduced by 
as much as 60-70dB. The cancellation signal may 
be adaptive to automatically respond to changes in 
temperature and other enviornmenta! conditions 
that will affect the nature of the fed thru signal. In 
addition, the circuit utilizes inexpensive available 
components to perform the cancellation. As de- 
scribed below the invention simultaneously forms 
its two composite signals having both IF and LO 
feed thru components with the LO feed thru com- 
ponents being canceling. The combination of the 
two signals eliminates LO feed thru to the output 
signal. 



Summary of the Invention 

Method and apparatus are disclosed for can- 
celing local oscillator feed thru in an IF transmis- 
sion circuit. The apparatus includes first and sec- 
ond mixers for receiving LO and IF signals. The 
mixers are operable to upconvert the IF signal 
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while passing an attenuated and phase shifted por- 
tion of the LO signal. Mixer bias regulation circuitry 
is provided for controlling the attenuation and 
phase shift of the LO signal portion passed by the 
upconverter mixers such that the LO signal por- 
tions are combinable to cancel each other. A cou- 
pler circuit is provided for combining the mixer 
outputs such that the LO signal portions are sub- 
stantially canceled and an upconverted IF signal 
remains. The bias regulation circuitry may be self- 
correcting to optimize cancellation of the LO signal 
portions. 

Phase shift and attenuation of the LO signal 
portions is affected such that the LO signal portions 
are of substantially identical amplitude and of op- 
posing phase. Such regulation of attenuation and 
phase shifting may be accomplished by regulating 
the operation of one or both of the mixers, and 
may be facilitated by the use of a phase shifting 
coupler. In the illustrated embodiment a 90 degree 
coupler is utilized such that the relative phase shift 
between LO signal portions output from the mixers 
need only be 90 degrees. 

Also in the presently preferred embodiment 
bias regulation is accomplished by feeding back a 
portion of the output of the coupler circuit through 
a pair of synchronous detectors operative to gen- 
erate a DC signal, useful for bias regulation, in 
response to the detection of an LO signal portion in 
the output signal. Selective regulation of the bias 
signal will vary both the attenuation and the phase 
shift of the LO signal portion. 



Brief Description of the Drawings 

Figure 1 is a schematic diagram of a local 
oscillator feed thru cancellation circuit in accor- 
dance with the present invention; 

Figure 2 is a schematic diagram of the cir- 
cuit as illustrated in Figure 1 further including auto- 
matic bias and attenuation adjustment circuitry; 

Figure 3 is a chart illustrating an LO feed 
thru cancellation to be expected from a given am- 
plitude balance and phase , match effected by the 
circuit in Figure 1 ; 

Figure 4 is a graph showing the reduction in 
LO feed thru signal amplitude, or L to R port 
isolation, On dBs) in relation to the injected bias 
current that occurs in a double-balanced mixer; and 

Figure 5 is a graph showing the phase 
change of the LO feed thru signal (in degrees) in 
relation to the injected bias current that occurs in a 
double-balanced mixer. 



Detailed Description of the Presently Preferred Em- 



bodiment 

The detailed description set forth below is in- 
tended merely as a description of the presently 
5 preferred embodiment of the invention, and is not 
intended to represent the only form in which the 
present invention may be constructed or utilized. 
The description below sets forth the functions and 
sequence of signals that are effected by the inven- 

70 tion in connection with the illustrated embodiment. 
It is to be understood, however, that the same, or 
equivalent functions or signal sequences may be 
accomplished by different embodiments that are 
also intended to be encompassed within the spirt 

15 and scope of the invention. 

As described in more detail below, the present 
invention operates to mix IF and LO signals to 
generate a pair of composite signals, each includ- 
ing an upconverted IF signal and an LO feed thru 

20 component. The composite signals are character- 
ized in that the IF signal components are in phase 
while the LO feed thru components are out of 
phase. The phase and attenuation of the LO com- 
ponents is adjustable such that the LO feed thru 

25 components are canceling. The combination of the 
two composite signals therefore removes the fed 
thru LO signal component from the output signal. In 
the presently preferred embodiment the LO and IF 
signals are combined in a dual balance mixer, the 

30 bias of which may be adjusted to modify the at- 
tenuation and phase shifting of the LO feed thru 
component. That bias adjustment may be accom- 
plished manually or by control circuitry, in a closed 
loop system, wherein the control circuity functions 

35 to vary the bias adjustment in response to the 
presence of the fed thru LO component. 

Figure 1 illustrates an exemplary embodiment 
of a local oscillator feed thru cancellation circuit in 
accordance with the present invention. The circuit 

40 1 1 is used to actively cancel an LO feed thru signal 
by means of amplitude and phase balancing of the 
coupling network. As described below the unwan- 
ted LO feed thru signal and a coupled LO signal 
are actively matched in opposing amplitude and 

45 phase, and then combined in a coupler to cancel 
the LO feed thru signal. 

The circuit 11 consists of a power splitting 
coupler 13 for receiving and splitting an LO signal 
used to upconvert one or more IF signals. Figure 1 

so illustrates two IF input signals, IF input 1 and IF 
input 2. The IF input signals are communicated to 
mixers M1 and M2 where they are combined with 
the LO input signal to upconvert the IF signal. Bias 
regulation circuits 21 and 23 are disposed in the IF 

55 signal path to mixers M1 and M2. Bias regulation 
circuits 21 and 23 operate to selectively pass cur- 
rent from current sources 25 and 27 to mixers 15 
and 17. By regulating the current to mixers 15 and 
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17 the amplitude and phase of the LO feed thru 
signal output from the mixers can be regulated. 
The outputs from mixers 15 and 17 are combined 
in 90 degree coupler 19, with the resulting signal 
output from coupler 19. s 

In practice, mixers 15 and 17 may be formed 
as dual balanced mixers. One characteristic of 
such mixers is that they phase shift and attenuate 
the LO signal passing through the mixer, but not 
the IF signal. By selective adjustment of one or to 
both of the bias regulation circuits 21 and 23 the 
proper canceling relationship can be obtained be- 
tween the LO feed thru signal output from mixer 15 
and the LO feed thru signal output from mixer 17. 
The desired canceling relationship is that two feed /5 
thru signals output from mixers 15 and 17 be of 
equal and opposite amplitude, and out of phase. 
Phase cancellation may be accomplished entirely 
by the mixers or may be partially accomplished by 
the mixers and partially by a phase shifting coupler 20 
(as illustrated at Figure 1). In the illustrated em- 
bodiment phase cancellation is effected by effec- 
ting a 90 degree phase difference in the outputs 
from mixers 15 and 17, and effecting an additional 
90 degree phase difference through coupler 19. 25 
The 90 degree coupler 19 operates to phase shift 
one of the inputs to the coupler by 90 degrees. 
Accordingly, the desired phase regulation of mixers 
15 and 17 is such as to obtain a 90 degree phase 
shift between LO feed thru signals output from the 30 
mixers. The remaining 90 degree phase shift is 
obtained by virtue of the operation of coupler 1 9. 

As will be apparent to one of ordinary skill in 
the art the Invention is not limited to regulation of 
mixer circuits to provide a particular phase dif- 35 
ference in respective outputs. Any phase difference 
in respective output signals may be useable to 
implement the present invention so long as the 
remaining circuitry operates to supplement the 
phase shift such that the two LO feed thru signals 40 
are canceling. 

The embodiment illustrated at Figure 1 con- 
templates the use of two IF input signals. However, 
it is to be understood that the circuit may operate 
with a single IF input signal, with the second IF 45 
input port terminated in a resistive load. Conse- 
quently, both single channel and multiple channel 
operation may be implemented through the use of 
the present invention. It is also to be understood 
that although the embodiment at Figure 1 illustrates so 
two bias regulation circuits, a single bias regulation 
circuit may be used. However, the use of two bias 
regulation circuits has been found to be more ef- 
fective in closely regulating the relative phase and 
amplitude of the signals output from the mixers. ss 

Figure 2 illustrates an LO feed thru cancellation 
circuit 31, similar to that set forth at Figure 1, with 
additional circuitry .for automatically adjusting the 



1 A2 6 

operation of bias regulation circuits 21 and 23. The 
circuit 31 includes a coupler 33 interposed between 
the LO input source and the coupler 13. Circuit 31 
also includes coupler 35 which receives a signal 
representative of the output from coupler 19, via 
coupler 37 and amplifier 41. Mixers 43 and 45 
receive signals from couplers 35, and 55, and act 
as synchronous detectors to generate DC regula- 
tion signals via low pass filters 47, 49 and amplifi- 
ers 51 and 53. The DC regulation signals function 
to regulate the operation of bias control circuits 21 , 
23 by adjusting the bias signals communicated to 
the mixers to obtain LO phase and amplitude can- 
cellation. The DC regulation signals are representa- 
tive of the difference between the LO signal from 
coupler 33 and the LO signal from coupler 35. 
Consequently, the mixers 43 and 45 operate to 
generate signals used to regulate the operation of 
mixers 15 and 17 such that the LO feed thru signal 
is actively reduced. 

Figure 3 is a chart illustrating the LO feed thru 
cancellation that is to be expected using the 
present invention, from a given amplitude balance 
and phase match. The X axis represents the am- 
plitude balance of the LO signal components output 
from mixers 15 and 17, and the different plots 
represents the accuracy of the canceling phase 
match obtained by the circuitry including mixers 
15, 17 and coupler 19. The Y axis represents the 
level of LO feed thru cancellation that is obtainable 
given the amplitude balance and phase match. As 
shown at Figure 3 LO feed thru cancellation in the 
range of 60-100 dB is obtainable where the am- 
plitude balance approaches 0 dB and the phase 
difference is 0 degrees. Approximately a 40 dB 
reduction of the LO feed thru signal amplitude 
occurs at a .5 degree phase imbalance, with ap- 
proximately zero amplitude imbalance. 

As shown at Figure 3 high levels of LO feed 
thru cancellation can be obtainable by the present 
circuit where the phase and amplitude imbalances 
approach zero. 

Figure 4 is a graph showing the reduction in 
LO feed thru signal amplitude, or L to R port 
isolation, (in dBs) in relation to the injected bias 
current that occurs in a double-balanced mixer. 

Figure 5 is a graph showing the phase change 
of the LO feed thru signal (in degrees) in relation to 
the injected bias current that occurs in a double- 
balanced mixer. The measurements used to create 
Figures 4 and 5 were made with the frequency of 
the LO signal being 3 GHz. The power input to the 
mixer through the L port was approximately 0 dBm 
representing the lower limit of the usable drive for 
the mixer. No RF conversion signal was applied to 
the I port of the mixer. The I port was essentially 
open with current injected through an 18.2K resis- 
tor. 
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Figures 4 and 5 demonstrate how injected bias 
current changes phase and amplitude of an LO 
signal applied to the mixer. The phase change 
generally measured approximately 207 degrees 
over a range of bias currents from -1 to +1 ma. 
The greatest phase slope appeared to occur close 
to zero injected bias current. The zero bias current 
also appeared to be in the operating region where 
the feed thru amplitude null occurs. Consequently, 
from the amplitude and phase versus frequency 
plots, the most widely varying amplitude and phase 
characteristics occurred close to zero injected bias. 
Variation in I port terminations; short, open and 50 
ohm terminations, cause .some changes at lower 
frequencies, but did not significantly influence the 
responses above 2 GHz. 

As previously discussed various modifications, 
additions and substitutions may be effected to im- 
plement the structure and function of the compo- 
nent portions without departing from the spirit and 
scope of the invention. For example, other circuitry 
for effecting control of the bias regulation circuitry 
may be implemented within the scope of the inven- 
tion. Additionally, it is anticipated that cancellation 
of the LO signal portions may be effected in dif- 
ferent ways, through the use of different compo- 
nents. 



Claims 

1 . A local oscillator (LO) feed thru cancellation 
circuit, characterized by: 

- first and second mixers (15, 17), each of said 
mixers (15, 17) having a first input port (L) for 
receiving a local oscillator (LO) input signal and a 
second input port (I) for receiving an intermediate 
frequency (IF) input signal; 

- said first and second mixers (15, 17) being op- 
erable to upconvert a received intermediate fre- 
quency (IF) signal and to output a composite signal 
comprising an upconverted intermediate frequency 
(IF) signal and portion of the received local oscillar 
tor (LO) signal, at least one of said local oscillator 
(LO) signal portion being attenuated and phase 
shifted in relation to the received local oscillator 
(LO) input signal; 

- bias regulation circuitry (21, 23) for generating a 
variable bias signal for communication, to at least 
one of said mixers (15, 17) for regulating the at- 
tenuation and phase shifting of at least one of said 
local oscillator (LO) signal portions such that the 
local oscillator (LO) signal portions are combinable 
to cancel each other; and 

- a coupler circuit (19) connected to said first and 
second mixers (15, 17) for combining said mixer 
outputs such that said local oscillator (LO) signal 



portions are substantially cancelled and said up- 
convertred intermediate frequency (IF) signal is 
outputted from said coupler circuit (19). 

2. The circuit as recited in Claim 1 , character- 

5 ized in that said bias regulation circuitry (21, 23) is 
connected to both of said first and second mixers 
(15, 17), to regulate the attenuation and phase 
shifting of the local oxcillator (LO) signal portions 
output from both of said mixers (15, 17). 

w 3. The circuit as recited in any of Claims 1 or 

2, characterized in that said bias regulation circuitry 
(21, 23) regulates the attenuation of a local oscilla- 
tor (LO) signal portions output from both said first 
and second mixers (15, 17). 

is 4. The circuit as recited in any of Claims 1 

through 3, chatacterized in that said bias regulation 
circuitry (21, 23) regulates the phase shifting of 
local oscillator (LO) signal portions outputs from 
both said first and second mixers (15, 17). 

20 5. The circuit as recited in any of Claims 1 

through 4, characterized in that said bias regulation 
circuitry (21, 23) regulates attenuation of the local 
oscillator (LO) signal portion output from said first- 
mixer (15) to be substantially identical to the at- 

25 tenuation of the local oscillator (LO) signal portion 
output from said second mixer (17). 

6. The circuit as recited in any of Claims 1 
through 5, characterized in that said bias regulation 
circuitry (21, 23) regulates the phase shift of the 

30 locaf oscillator (LO) signal portion output from said 
first mixer (15) to be approximately 90 " out of 
phase in relation to the local oscillator (LO) signal 
portion output from said second mixer (17). 

7. The circuit as recited in any of Claims 1 
35 through 6, characterized in that said coupler circuit 

(19) comprises phase shifting circuitry to shift the 
phase of the local oscillator (LO) signal portion 
received from said first mixer (1 5) by 90 * . 

8. A local oscillator (LO) feed thru cancellation 
40 circuit, characterized by: 

• a first mixer (15) having a first input port (L) for 
receiving a local oscillator (LO) input signal and a 
second input port (1) for receiving an intermediate 
frequency (IF) input signal, said first mixer (15) 

45 being operable to upconvert the received inter- 
mediate frequency (IF) signal and to output a com- 
posite signal comprising an upconverted intermedi- 
ate frequency (IF) signal and a first portion of the 
received local oscillator (LO) signal, said local os- 

so cillator (LO) signal first portion being attenuated 
and phase shifted in relation to the received local 
oscillator (LO) input signal; 

- a second mixer (17) having a first input port (L) 
for receiving the local oscillator (LO) input signal, 
55 said second mixer (17) being operable to output a 
signal comprising a second portion of the received 
local oscillator (LO) signal, said local oscillator (LO) 
signal second portion being attenuated and phase 
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shifted in relation to the received local oscillator 
(LO) input in relation to the received locaJ oscillator 
(LO) input signal; 

- bias regulation circuitry (21, 23) for generating a 
variable bias signal for communication to at least 
one of said first and second mixers (15, 17) for 
regulating the amplitude and phase of at least one 
of said local oscillator (LO) signal first and second 
portions, such that said local oscillator (LO) signal 
first and second portions are combinable to cancel 
each other; and 

- a coupler circuit (19) connected to said first and 
second mixers (15, 17) for combining outputs of 
said first and second mixers (15, 17) such that said 
locaJ oscillator (LO) signal first and second portions 
are substantially cancelled and said upconverted 
intermediate frequency (IF) signal remains. 

9. The circuitry as recited in Claim 8, char- 
acterized in that said bias regulating circuitry (21, 
23) is connected to both of said first and second 
mixers (15, 17) to regulate attenuation and phase 
shift of both of said local oscillator (LO) signal first 
and second portions. 

10. The circuit as recited in any of Claims 1 
through 9, characterized in that said bias regulation 
circuitry (21, 23) further comprises feedback con- 
trol circuitry (33 - 55) for varying said bias signal in 
response to a detected presence of a local oscilla- 
tor (LO) signal portion in the coupler circuit output. 

11. The circuit as recited in Claim 10, char- 
acterized in that said feedback control circuitry (33 

- 55) comprises a synchronous detector circuit (43, 
45) for controlling said bias signal. 

12. The circuit as recited in any of Claims 1 
through 10, characterized in that each of said first 
and second mixers (15. 17) is operative to phase 
shift a portion of said received local oscillator (LO) 
signal without shifting the phase of the received 
intermediate frequency (IF) signal. 

13. A method of cancelling local oscillator (LO) 
feed thru, characterized by: 

- communicating a local oscillator (LO) signal to 
each of a pair of mixers (15, 17); 

- communicating an intermediate frequency (IF) 
signal to at least one of the pair of mixers (15, 17), 
each of the mixers (15, 17) being operable to 
upconvert a received intermediate frequency (IF) 
signal and to pass a portion of the received local 
oscillator (LO) signal, said local oscillator (LO) sig- 
nal portion being attenuated and phase shifted in 
relation to the received local oscillator (LO) signal; 

- adjusting the phase shift and attenuation of at 
least one of said local oscillator (LO) signal portions 
such that such local oscillator (LO) signal portions 
are combinable to cancel each other; and 

- combining the outputs of said first and second 
mixers (15, 17) such that the local oscillator (LO) 



signal portions are substantially cancelled and the 
upconverted intermediate frequency (IF) signal re- 
mains. 

14. A method as recited in Claim 13, character- 
5 ized in that the step of adjusting the phase shift 

and attenuation of at least one of said local oscilla- 
tor (LO) signal portions comprises generating a 
variable bias signal and communicating said vari- 
able bias signal to at least one of said mixers (15, 
w 17). 

15. The method as recited in any of Claims 13 
or 14, characterized in that an intermediate fre- 
quency (IF) signal is communicated to each of the 
first and second mixers (15, 17). 

is 16. The method as recited in any of Claims 13 

through 15. further characterized by the steps of 
detecting the presence of a remaining local oscilla- 
tor (LO) signal portion after the output of said first 
and second mixers (15, 17) are combined reguiat- 

20 ing the variable bias signal such that the remaining 
local oscillator (LO) signal portion is substantially 
eliminated. 

17. The method as recited in any of Claims 13 
through 16, characterized in that the step of gen- 

25 erating the variable bias signal comprises generat- 
ing a direct current (DC) regulation signal repre- 
sentative of the remaining local oscillator (LO) sig- 
nal portion and regulating the variable bias signal 
communicated to at least one of said mixers (15, 

30 17) in response to said direct current (DC) regula- 
tion signal. 

18. The method as recited in any of Claims 13 
through 17, characterized in that said step of gen- 
erating the variable bias signal is effected to vary 

35 the attentuation of the local oscillator (LO) signal 
portion output from at least one of said mixers (15, 
17). 

19. The method as recited in any of Claims 13 
through 18, characterized in that said step of gen- 

40 erating the variable bias signal is effected to vary 
the phase shift of the local oscillator (LO) signal 
portion output from at least one of said mixers (15, 
17). 

20. A method of cancelling local oscillator (LO) 
45 feed thru, characterized by: 

- communicating a local oscillator (LO) and inter- 
mediate frequency (IF) signal to each of a pair of 
mixers (15, 17), each of the mixers (15. 17) being 
operable to upconvert the intermediate frequency 

so (IF) signal and to pass an attenuated and phase 
shifted portion of the local oscillator (LO) signal; 

- adjusting the local oscillator (LO) signal phase 
shift and attenuation affected by at least one of the 
mixers (15, 17) such that the local oscillator (LO) 

55 signal portions are combinable to cancel each oth- 
er; and 

- combining the outputs of the mixers (15, 17) such 

that the local oscillator (LO) signal portions are 

•» 
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substantially cancelled and an upconverted inter- 
mediate frequency (IF) remains. 
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© Local oscillator feedthru cancellation circuit 



© A method and an apparatus are disclosed for 
cancelling local oscillator (LO) feed thru in an inter- 
mediate frequency (IF) transmission circuit (31). The 
apparatus includes first and second mixers (15, 17) 
for receiving local oscillator (LO) and intermediate 
frequency (IF) signals. The mixers (15. 17) are op- 
erable to upconvert the intermediate frequency (IF) 
signal while passing an attenuated and phase shifted 
portion of the local oscillator (LO) signal. Bias regula- 
tion circuitry (21, 23) is provided for regulating the 
attentuation and phase shift of the local oscillator 
(LO) signal portion passed by at least one of the 
mixers (15, 17) such that the local oscillator (LO) 
signal portions are combinable to cancel each other. 
A coupler circuit (19) is provided for combining the 
CO mixer outputs such that the local oscillator (LO) 
^signal portions are substantially cancelled and an 
upconverted intermediate frequency (IF) signal re- 
CD mains. The bias regulation circuitry (21, 23) may be 
^* self-correcting to optimize cancellation of the local 
oscillator (LO) signal portions (Fig. 2). 
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